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ABSTRACT
As introductions to organic and inorganic
synthesis,
safe
and
expedient
preparations
of
salen
(N,N′ethylenebis(salicylimine)) and its nickel
complex have been developed for
execution in the General Chemistry II
laboratory. Preparation and isolation can
be completed in no more than 45
minutes. Prepared compounds are then
analyzed
by
an assortment of
characterization methods: melting point
determination, mass spectrometry, IR
spectroscopy, UV-vis spectrophotometry
and 13C NMR spectroscopy. These lab
exercises are meant to serve as "soft"
introductions
for
methods
and
instrumentation that will be utilized more
heavily in the subsequent chemistry
courses. Students are given basic training
in analyzing data for each method to
begin learning their utility for identifying
product presence and purity. Simulated
and modeled spectra are also used as
accompaniment to experimental data to
aid in analysis and interpretation training.
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INTRODUCTION

SYNTHESES

Characterization methods are an important tool when
analyzing chemical compounds. To correctly identify a
product, characterization methods are often turned to. In
this the two-week laboratory experiment, general
chemistry students are introduced to organic and
inorganic synthesis. Specifically, an organic compound
salen, and an inorganic nickel salen complex are
synthesized. Upon successful synthetization of both
products, common characterization methods are utilized.
The methods of analysis that are utilized are 13C
spectroscopy,
IR
spectroscopy,
UV-vis
spectrophotometry, melting point determination, and
mass spectrometry are introduced to general chemistry
students to prepare them for the use of the instruments
in future chemistry courses, and even research.

First, to synthesize salen, 1.00 mL of salicylaldehyde in 1 mL of
95 % ethanol is added to a 25 mL beaker and heated for 1–2
minutes. 0.200 g of ethylenediamine is added while the
previous solution is heated. After the initial mixture cools for 5
minutes, it is poured into a beaker containing 2 mL of water.
The solution is poured into and filtered using a Buchner
funnel, and excess product is scraped out with a spatula. The
solid product is washed with 2–3 mL of water, and then
hexanes, three times. The product was dried and transferred
to a pre-weighed weighing paper, so the yield could be
calculated. Yields from 30–85 % have been obtained.

LAB DESIGN
General Chemistry II serves as both a cap for the
sequence and, most importantly, a setup for more
advanced courses, including the synthesis focused
organic and inorganic course sequences. Furthermore,
introductions to organic and coordination chemistry are
included in most general chemistry textbooks.
Laboratory inclusion of these concepts, especially in the
techniques common to these upper-level courses are not
often included. A “soft” introduction to these specific
hands-on skills can serve to provide some preparation for
students for the synthetic and characterization work that
lies ahead of them.

LEARNING GOALS

CHARACTERIZATION

To synthesize the nickel-salen complex, 0.401 g of salen is
added to 10 mL of ethanol in a 50 mL beaker. A magnetic stir
bar was added, and the solution was stirred while heating to
40 °C. The solution was cooled to room temperature, and then
put in an ice bath for 10 minutes. The mixture was filtered
using a Buchner funnel and vacuum flask to isolate the
product.

Characterization
• sample preparation
• IR spectroscopy
• mass spectrometry
• 13C NMR spectroscopy
• melting point determination
• literature comparison

Both compounds are analyzed using melting point
determination, IR spectroscopy, mass spectrometry, and 13C
spectroscopy. Yields are typically near 50-56 %.

CHARACTERIZATION
IR Spectra are collected as a means for reinforcement of basic
functional group identification, distinction from starting
materials, and impurity presence (e.g. H2O) determination.
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NMR is primarily utilized for peak counting to match
product and for determination of remaining starting
material(s). Simulated spectra are compared to product spectra
to aid in peak counting and introduce peak assignment.

Week 2: Synthesis and Characterization of Ni(salen)
Synthesis
• reagent calculation
• reaction preparation
• yield calculations
• filtration
• solid product isolation
• recrystallization (optional)

Simulated MS of Salen

Experimental MS of Ni(salen)

Simulated MS of Ni(salen)

Compound

Exp. Mp (°C)

Lit. Mp (°C)

Salen

125-126

123-127

Ni(salen)

300 (dc)

150-330 (dc)

Table 1. Comparison of Experimental and Literature Melting Points for Salen
and Ni(salen)

Week 1: Synthesis and Characterization of Salen
Synthesis
• reaction preparation
• yield calculations
• filtration
• solid product isolation
• recrystallization (optional)

Experimental MS of Salen

Salen

CONCLUSIONS
The synthesis of salen, and a nickel salen complex can be
completed in a two-week general chemistry laboratory.
Each synthesis is easily completed in only a portion of a
standard (3 h) laboratory period allowing time for
instrumental methods as well as collection and analysis
of characterization data.
The Introduction of organic and inorganic synthesis
techniques at the general chemistry level is often
overlooked and a valuable addition, especially given that
the organic chemistry sequence directly follows general
chemistry. It is hoped that providing a “soft” introduction
to an array of characterization methods with actual data
mediates the challenges of later courses in which many
new concepts, techniques and instruments are inherently
introduced.
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